The 2013 annual National Toxicology Program (NTP) Satellite Symposium, entitled ''Pathology Potpourri,'' was held in Portland, Oregon, in advance of the Society of Toxicologic Pathology's 32nd annual meeting. The goal of the NTP Symposium is to present current diagnostic pathology or nomenclature issues to the toxicologic pathology community. This article presents summaries of the speakers' presentations, including diagnostic or nomenclature issues that were presented, along with select images that were used for audience voting and discussion. Some lesions and topics covered during the symposium included a caudal tail vertebra duplication in mice; nephroblastematosis in rats; ectopic C cell tumor in a hamster; granular cell aggregates/tumor in the uterus of a hamster; Pneumocystis carinii in the lung of a rat; iatrogenic chronic inflammation in the lungs of control rats; hepatoblastoma arising within an adenoma in a mouse; humoral hypercalcemia of benignancy in a transgenic mouse; acetaminopheninduced hepatotoxicity in rats; electron microscopy images of iatrogenic intraerythrocytic inclusions in transgenic mice; questionable hepatocellular degeneration/cell death/artifact in rats; atypical endometrial hyperplasia in rats; malignant mixed Müllerian tumors/carcinosarcomas in rats; differential diagnoses of proliferative lesions of the intestine of rodents; and finally obstructive nephropathy caused by melamine poisoning in a rat.
INTRODUCTION
The National Toxicology Program (NTP) Satellite Symposium is a one-day meeting that is traditionally held in conjunction with the annual Society of Toxicologic Pathology (STP) meeting (Bach et al. 2010; Adams et al. 2011; Boorman et al. 2012; Elmore et al. 2013) . Attendance at the symposium has steadily increased since the first meeting in 2000, and this year there were 239 registered participants. The objective of this annual symposium is to provide continuing education on interpreting histopathology slides. This includes the presentation and discussion of diagnostically difficult, interesting, or rare lesions, or challenging nomenclature issues. The session is interactive in that each speaker presents images for audience voting via wireless keypads. Once the votes are tallied, the results are displayed on the screen for all to view. The speaker generally provides his or her preferred diagnosis for comparison with some additional background information, after which lively and constructive discussion ensues.
The theme for the 2013 Symposium was ''Pathology Potpourri'' that allowed for a variety of topics to be presented. Species included rat, mouse, and hamster, and organ systems included skeletal, renal, endocrine, reproductive, pulmonary, hepatobiliary, and gastrointestinal. Two cases using only transmission electron microscopy (TEM) for voting were also included, one of which was a clinical pathology case. One speaker presented diagnostic challenges that the International Harmonization of Nomenclature and Diagnostic Criteria (INHAND) Gastrointestinal Organ Working Group (OWG) had been considering. This article provides synopses of all presentations including the diagnostic or nomenclature issues, a selection of images presented for voting and discussion, voting choices, voting results, and major discussion points.
AN UNUSUAL BONE LESION IN MICE
The first presentation of the day was given by Dr. Margarita M. Gruebbel (Experimental Pathology Laboratories, Inc. Research Triangle Park, NC). Dr. Gruebbel presented an unusual bone lesion noted incidentally in five adult B6C3F1 mice (one vehicle-control group male, three low-dose group males, and one mid-dose group female) from a 2-year carcinogenicity bioassay. All 5 mice were 770 to 773 days of age at the end of the study. At terminal necropsy, all had grossly apparent, single, 1 to 3 mm, pale nodules in the skin of the distal tail. Visual examination and plain radiographs of the residual-fixed carcasses of all 5 mice did not reveal any additional developmental abnormalities in the tails or other parts of the skeleton. Due to a lack of clinical neurologic signs, the spinal cords had not been sectioned or examined by light microscopy in any of the five mice.
Light microscopic images of transverse sections of normal distal tail from an unaffected mouse were presented, demonstrating that the distal caudal vertebrae ( Figure 1A ) are normally small and cylindrical, without arches, and with diminished or absent processes (Bab et al. 2007 ). Light microscopic images of representative examples of the grossly observed tail nodules ( Figure 1B -F) were then presented, with the following voting choices: (1) tail-heterotopic bone, (2) tail-caudal vertebra, luxation, (3) tail-callus, (4) tail-caudal vertebra, duplication, (5) tail-osteoma, and (6) tail-hyperostosis. Most votes (60%) were for caudal vertebra duplication, with 29% for heterotopic bone, 11% for osteoma, and 0% for the other voting choices. Thus, the majority consensus was that these tail findings consisted of a single redundant (duplicate) caudal vertebra located in the subcutis dorsal to the normal vertebra.
In all 5 mice, the duplicate vertebra ( Figure 1B-F) was morphologically similar to, though sometimes slightly smaller than, the normal underlying vertebral body. Both the duplicate and normal vertebrae in the five affected mice were also similar to the distal caudal vertebrae of unaffected mice when collected from approximately the same level within the vertebral column ( Figure 1A ). In addition, the structure of the duplicate vertebra tended to ''echo'' that of the underlying normal vertebra. Thus, in one low-dose group male, both the duplicate and the underlying normal vertebrae exhibited a central medullary cavity containing usual structures such as blood vessels and adipocytes ( Figure 1B-D) . In the other four cases, the duplicate and normal vertebrae both had narrowed or absent medullary cavities ( Figure 1E and F) .
The duplicate vertebrae were composed of well-differentiated bone, morphologically identical to that of the underlying normal vertebra, sometimes with peripheral cartilaginous zones ( Figure  1B-D) . The duplicate vertebrae were generally surrounded by a loose fibrous connective tissue capsule ( Figure 1B-D) , but were not associated with the usual tendons, nerves, or blood vessels, which were present around the underlying normal vertebra in affected mice ( Figure 1B , C, E) and around normal caudal vertebrae in unaffected mice ( Figure 1A) .
In two affected mice (low-dose group males), the duplicate vertebrae were partly or completely displaced to the external surface of the tails through overlying skin ulcerations ( Figure  1F ); the normal vertebrae were also slightly dorsally displaced. These vertebrae exhibited inflammation, with necrotic debris and degenerate neutrophils in the narrowed medullary cavities; the adjacent subcutis exhibited fibrosis and mild inflammatory cell infiltrates. The epidermis bordering the ulcerations was hyperplastic and overlaid with an exudative crust composed of necrotic cell debris, proteinaceous fluid, and degenerate neutrophils. These secondary reactive changes were most likely due to bacterial contamination through the skin breach and were therefore not considered primary toxic effects.
Several differential diagnoses were considered for the tail lesions in these mice, including congenital heterotopic bone, luxation of one caudal vertebra dorsally over the immediately adjacent vertebra, or genetically or exogenously induced misalignment of consecutive vertebrae at abnormal angles. However, the uniform dorsal localization, homogeneous microscopic morphology within given animals, and nontangential, full-face aspects of the both vertebrae in transverse sections of affected mice were not consistent with these possibilities. Also, no ''kinks,'' ''bends,'' or other deviations of normal tail anatomy were noted at gross necropsy, and there was no radiographic evidence of such abnormalities in the residual tails.
Therefore, the five cases presented here were considered duplicate caudal vertebrae, incidental and unrelated to treatment, and most likely arising as developmental anomalies. The occurrence of this finding in at least one vehicle-control mouse mitigates against the possibility that this was a test article effect; however, the involvement of other environmental factors cannot be entirely ruled out. It is also possible that these duplicate vertebrae resulted from random, spontaneous mutation/mutations. FIGURE 1.-Duplicate caudal vertebra in adult B6C3F1 mice (A-F). Vehicle control unaffected male B6C3F1 mouse (A). Transverse distal tail section exhibits single, normal distal caudal vertebra (NV) lacking processes and a vertebral arch. Note the small medullary cavity (short arrow) and normal sacrocaudal tendon/muscle bundles (long arrow). (B) Illustrates an affected male B6C3F1 mouse (low-dose group). Transverse distal tail section exhibits a supernumerary (duplicate) caudal vertebra (DV) situated dorsal to the normal vertebra (NV). Both vertebrae have small medullary cavities (arrows). The duplicate vertebra (DV) has a peripheral cartilaginous zone (CZ) and is surrounded by a fibrous capsule (FC).
Numerous spontaneous and induced vertebral and tail malformations have been described in mice including grossly visible kinking, bending, curling, truncation, and/or agenesis of the tail as well as malformation, misalignment, hypoplasia, fusion, abnormal ossification, homeotic transformations, and/or reduction in number of the vertebrae (Barnett 1965; Doolittle et al. 1996; Greco et al. 1996; Klootwijk et al. 2000; Matsuura et al. 1997; Murakami and Kameyama 1963; Murakami and Kameyama 1964; Noel and Wright 1970; Padmanabhan 1998; Padmanabhan et al. 2008; Schrick et al. 1995; Sonoda et al. 1990; Torchinsky et al. 1995) .
Despite this variety of tail defects, reports of duplicate vertebrae and/or tails in mice are few and often perfunctory, typically mentioned only as minor features in complex syndromes of multiorgan abnormalities (Center 1969; Rutledge et al. 1994; Theiler and Gluecksohn-Waelsch 1956) .
Duplications of the spinal cord (often referred to as split cord malformations, diplomyelia, or diastematomyelia) have long been recognized as congenital anomalies in humans, and usually occur with other abnormalities such as neural tube defects (Dias and Walker 1992; Pang, Dias, and Ahab-Barmada 1992) and/or caudal duplication syndromes (Dominguez et al. 1993) . In domestic animals, duplication of the spinal cord is very rare, with most reported cases occurring in calves (Zani et al. 2010) .
Abnormal vertebrae such as hemivertebrae, fused vertebrae, and butterfly vertebrae often occur with duplicate spinal cords and other spinal dysraphisms, to form malformed ''hemivertebral'' spinal columns (Dias and Walker 1992) . In contrast, segmental spine doubling with essentially fully formed vertebrae is very rare. Some human patients with segmental spinal cord/vertebral column duplications also exhibit soft tissue malformations and other defects which result in severe clinical disease (Dominguez et al. 1993; Pathak, Singh, and Wakhlu 1988) , but other patients have few or no concurrent defects or clinical symptoms (Cebesoy, Mete, and Karsli 2009) . Pang, Dias, and Ahab-Barmada (1992) proposed a ''unified'' theory of split cord malformations postulating that all such defects ultimately derive from a common error during gastrulation resulting in paired notochords and neural tubes. This could presumably lead to formation of duplicate vertebral columns (Dias and Walker 1992) , since during embryogenesis, the notochord induces patterning and growth of the somites, from which the axial skeleton-including the tail-develops (Wellik 2009 ). Similar or analogous processes could occur during presumed postgastrulation secondary development of the posterior body and tail in mammals (Handrigan 2003) . Whether such mechanism/mechanisms may have been involved in the formation of the duplicate caudal vertebrae in the mice in this presentation remains undetermined.
INTERSTITIAL INFILTRATES IN THE RAT KIDNEY
Dr. Cynthia Shackelford (Experimental Pathology Laboratories, Inc., Research Triangle Park, NC) presented three examples of a spontaneous renal lesion that is encountered sporadically in rats. All three examples were from NTP studies using Harlan Sprague-Dawley rats. It was noted that these lesions were observed in control and treated female rats ranging from *92 to 250 days (3-9 months) of age at study termination. All three cases depicted a series of low and higher magnification photographs of the lesions located within the deep cortex of the kidney. The first case (Animal #1) had a small, focal accumulation of basophilic cells and attempts at rosette-like structures within the renal interstitium (Figure 2A and B). The second case (Animal #2) contained a larger focal accumulation of intensely staining basophilic cells dispersed within the renal interstitium but did not exhibit rosette formation ( Figure 2C and D). The third case (Animal #3) was characterized by a larger focal accumulation of basophilic cells within the interstitium, no rosette formation and no disruption of the overall structure and organization of the kidney, despite the size of the lesion (Figure 2E and F).
After reviewing the series of representative photographs, the attendees were presented with the following diagnostic choices: (1) nephropathy; (2) mononuclear cell infiltration; (3) interstitial cell hyperplasia; (4) hamartoma; (5) nephroblastematosis; (6) nephroblastoma (NB); (7) malignant mesenchymal tumor; and (8) other. The correct response for all 3 examples was ''nephroblastematosis,'' which was the option favored by the audience (54% of respondents). ''NB'' (12% of respondents) and ''mononuclear cell infiltration'' (10% of respondents) are differential diagnoses for this lesion. However, other votes recorded were ''interstitial cell hyperplasia'' (7% of respondents), ''nephropathy'' (3% of respondents), ''hamartoma'' (2% of respondents), and ''other'' (1% of respondents).
The discussion then moved onto a review of the origin and histologic characteristics of nephroblastematosis and ultimately NB in rats (Frazier et al. 2012) . ''Nephroblastematosis'' (synonyms: nephroblastomatosis, blastemal rest, nephrogenic rest) of the kidney is considered a precursor lesion to spontaneous NB encountered sporadically in specific colonies of rats, suggesting a predisposing genetic basis. Foci of nephroblastematosis appear to have the potential to develop into NB as they FIGURE 1.-(Continued) (C) Illustrates an affected male B6C3F1 mouse (low-dose group). Higher magnification of the tail section from (B) shows that the normal (NV) and duplicate vertebra (DV) are similarly composed of well-differentiated bone with central medullary cavities (arrows); the duplicate vertebra (DV) also has a peripheral cartilaginous zone (CZ) and is surrounded by a fibrous capsule (FC). (D) is a higher magnification of the duplicate caudal vertebra from (B) and (C) and shows the well-differentiated bone (OS), a peripheral cartilaginous zone (CZ), and a medullary cavity (MC) containing small blood vessels and adipocytes. The duplicate vertebra is surrounded by a fibrous capsule (FC). (E) is from an affected male B6C3F1 mouse (vehicle control group). Transverse distal tail section exhibits a supernumerary (duplicate) caudal vertebra (DV) situated dorsal to the normal vertebra (NV). Both vertebrae lack a medullary cavity. (F) is a transverse section of the distal tail of another affected male B6C3F1 mouse (low-dose group) and shows dorsal displacement of the supernumerary (duplicate) caudal vertebra (DV) through a dorsal skin ulceration to the external surface of the tail. The underlying normal vertebra (NV) is also displaced dorsally. Both vertebrae lack a medullary cavity. The tail subcutis (asterisk) exhibits reactive fibrosis and inflammation, and the epidermis bordering the ulcer is hyperplastic (arrow). enlarge, and therefore may be regarded as preneoplastic lesions. The distinction between nephroblastematosis and NB appears arbitrary and would probably rest on size and degree of organoid differentiation (Beckwith, Kiviat, and Bonadio 1990; Mesfin 1999) . Nephroblastematosis and early NB tumors occur in rats as early as 3 months of age and as late as 21 months of age in either sex, but are noted most often in females. These precursor lesions are not grossly detectable and begin as small, focal, multifocal, or bilateral crowded interstitial accumulations of intensely basophilic immature (blastemal) cells with illdefined cytoplasm and basophilic nuclei, which are clearly delineated from the normal renal tissue. The immature cells are presumed to originate from a remnant of developing metanephric blastema. The cells may have early organoid differentiation into epithelial rosettes. Occasional mitoses are observed within the blast cells and also in adjacent pars recta tubules (autocrine response to the blastema). The cell accumulations are exclusively located in the deep cortex near the corticomedullary junction, infiltrating between pars recta tubules, and can occasionally be seen in the presence of NB. These precursor lesions of NB, that is, nephroblastematosis and even early tumors, do not overtly disrupt the overall structure and organization of the kidney. However, with increasing size the now neoplastic NB traps, compresses, and displaces/replaces the existing renal tubules. The Upjohn Sprague-Dawley rat strain (Uph:TUC[SD]spf.nb) is considered to be genetically predisposed to NB. The precursor lesions have been designated ''intralobular nephroblastematosis'' because the lesions were interstitially infiltrative and the cells were blastemal (Mesfin 1999) . The speaker addressed the term ''intralobular'' and noted that the kidney is divided into lobules and that each lobule consists of a cortex and medulla. Kidneys of all mammals and birds contain one or more lobules.
The rat kidney has one lobule (unilobular; Jamison 2002) . Differential diagnoses of nephroblastematosis include ''foci of lymphocyte accumulation'' and ''NB.'' ''Foci of lymphocyte accumulation'' consist of a more discrete, individualized population of cells, composed of mononuclear inflammatory cells and show no early epithelial rosette formation ( Figure 2G ).
''NB'' (synonyms: embryonal nephroma, renal adenosarcoma, embryonal carcinoma, Wolffian duct tumor, and Wilms' tumor [man]) of the kidneys occur rarely in rats. In rats, NBs have been observed as early as 5 months of age but do not appear to occur as frequently as nephroblastematosis. These tumors generally appear as large grossly detectable, circumscribed, fleshy growths with invasion of the cortex and occasionally renal pelvis. Histologically, these tumors consist of discrete clusters of highly basophilic blast cells sometimes surrounding mature renal ducts ( Figure 2H ). The blast cells can also be arranged in trabecular, alveolar, papillary, or rarely, fascicular or cylindromatous patterns (Cardesa and Ribalta 1998; Hard 1985; Hard and Grasso 1976; Turusov, Alexandrov, and Timoshenko 1980) . Organoid differentiation of the tumor cells is usually present as epithelial rosettes, primitive basophilic tubules, attempted glomerulus formation, or mature epithelial ducts ( Figure 2I ). The stroma varies from either delicate areolar FIGURE 2.-(Continued) Example of a differential diagnosis of focal lymphocyte accumulation (G) characterized by a population of interstitial mononuclear inflammatory cells. Well-developed nephroblastoma (H) comprised of blastema cells arranged primarily in dense mantles around ductules supported by fibrous stroma. Well-developed nephroblastoma (I) comprised of blastema cells organized into tubules that are similar to immature tubules that occur in the outer cortex of pre-and postnatal rats. The tumor is supported by a fibromyxomatous stroma. tissue to well-developed fibrous connective tissue tracts. Evidence of mitotic activity is frequent in the blast cell clusters and the primitive tubules. Ultrastructurally, the neoplastic epithelial cells have abundant junctional complexes and poorly formed cytoplasmic organelles, and form narrow luminae with microvilli. Evidence of abundant external laminae with basilar infoldings may be found (Hara et al. 1982; Mesfin 1999) . Differential diagnoses of NB are ''renal mesenchymal tumor'' that consists of neoplastic fibroblast-like spindle cells that sequester preexisting renal tubules and ''papillary variant of renal tubule carcinoma'' that exhibits extensions of neoplastic tubule epithelial cells into epithelial sacs that mimic glomeruli formation.
While NB's reportedly have been chemically induced, one audience member inquired as to whether or not nephroblastematosis has been observed to be chemically induced as well. Chemically induced NB reportedly start as small aggregates of highly basophilic blastemal cells located in the superficial cortex in contrast to the spontaneous precursor lesions and tumors that are characteristically located in the deep cortex (Cardesa and Ribalta 1998; Hard 1985; Hard and Grasso 1976; Mesfin 1999; Turusov, Alexandrov, and Timoshenko 1980) . Finally, one audience member commented on the trend for these precursor lesions being observed in animals as early as 3 months of age and then as late as 21 months of age, and whether or not these lesions should actually be considered preneoplastic or even a precursor lesion to NB since the tumors reportedly tend to occur primarily earlier in life. After the symposium, the speaker noted a common discussion point among attendees who had experience seeing these lesions in different rat strains; the majority felt that these lesions of nephroblastematosis were most often detected within the central region of the longitudinally cut section of kidney.
INTERESTING BACKGROUND LESIONS IN HAMSTERS
A presentation on interesting background lesions in hamsters, presented by Dr. Elizabeth F. McInnes (Gribbles Healthscope, Glenside, Australia), was a collaborative effort with Dr. Ernst Heinrich (Fraunhofer ITEM, Hannover, Germany). Two challenging cases were presented to the audience for voting. The first case was from a terminal sacrifice, male Syrian golden hamster of the strain Han:AURA, which was from the untreated control group of a carcinogenicity study of 104 weeks. The hamster did not display any macroscopic findings in the larynx at necropsy. The audience was shown a series of 3 low and high magnification images of trachea with a luminal cellular mass extending through the lamina propria to the level of the tracheal cartilage, adjacent to the thyroid gland ( Figure 3A -C). The mass was composed of sheets of medium-sized, polygonal to elongated cells with abundant eosinophilic, often vacuolated cytoplasm. The nuclei were predominantly medium-sized, round, and central with coarse chromatin and occasional mitotic figures.
The audience voting choices and results were (1) focus of epithelial hyperplasia (2%), (2) carcinoma (3%), (3) ectopic C cell tumor, benign (24%), (4) tumor neuroendocrine cell, malignant (16%), (5) tumor neuroendocrine cell, benign (41%), (6) histiocytic aggregate (2%), (7) C cell tumor, malignant (9%), and (8) another diagnosis (3%). The majority of audience members voted for the diagnosis of tumor neuroendocrine cell, benign, which was not completely inaccurate. However, the diagnosis of the benign ectopic C cell tumor was the more specific diagnosis favored by the authors, as illustrated with immunohistochemical markers later in the presentation. The discussion points included why the term ectopic C cell tumor, benign was preferred over the term neuroendocrine cell tumor, benign and the history of the lesion in the literature. The presence of spontaneous ectopic C-cell tumors, neuroendocrine cell hyperplasia, or benign or malignant tumors in the larynx (Pour 1985) and trachea (Ernst et al. 1995; McInnes 2011 ) may be unique to hamsters. These lesions occur in the larynx and upper trachea in close proximity to the thyroid gland in hamsters and incidence increases with age.
Evidence was then presented to the audience of the neuroendocrine or C cell nature of the tumor. Neuroendocrine cells stain positive for calcitonin, calcitonin gene-related peptide (CGRP), neuron-specific enolase, serotonin, and synaptophysin using immunohistochemistry (Ernst et al. 1995) , and this is demonstrated in Figure 3D to H. In addition, neuroendocrine and ectopic C cells are positive with a silver stain (Grimelius) as shown in Figure 3I . Benign tumors of neuroendocrine cells do not display invasion, whereas malignant tumors demonstrate submucosal and luminal invasion and metastasis to the lung (Ernst et al. 1995) . Since this tumor did not display invasion, the diagnosis of benign tumor was favored. The incidences of ectopic C cell hyperplasia and neoplasia in control animals in short-and long-term studies were presented, as shown in Table 1 . Incidences of ectopic C cell hyperplasia ranged from 1/30 to 1/100, whereas incidences of neoplasia, benign, or malignant were 1/250.
The authors favor the term ectopic C-cell hyperplasia/ adenoma/carcinoma rather than neuroendocrine cell hyperplasia/tumor since they consider the origin of these cells to be the C-cells from the thyroid. It is likely that these types of tumors arise from rests of C-cells that fail to migrate to the thyroid. The site of origin at the laryngotracheal junction (adjacent to the thyroid gland), the tumor morphology, immunohistochemistry profile (positive for calcitonin and CGRP), and Grimelius silver stain positivity appear to support this hypothesis.
In conclusion, the authors stated that the presence of spontaneous ectopic C-cell hyperplasia and tumors in the larynx and trachea might be unique to hamsters. There are no obvious cytological differences between ectopic C cell hyperplasia and benign tumors at the laryngotracheal junction in hamsters and the diagnosis is largely based on size. Incidences of up to 8% in hamsters are reported (Ernst et al. 1995) , but this incidence was not seen in present studies. The lesion could originate from solitary or clusters of neuroendocrine cells or it could originate from embryonic C cells (which is the hypothesis favored by the authors). Immunohistochemistry is needed to confirm the presence of ectopic C cells in the hamster upper respiratory tract.
The second case was a female Syrian golden hamster, untreated control of the strain Han:AURA. The hamster was a terminal sacrifice from a carcinogenicity study of 104 weeks and no macroscopic findings were observed in the female reproductive system of this animal at necropsy. The audience was shown two images (Figure 3 J and K), of a lesion at low and high magnification, demonstrating a focal group of large polygonal cells with abundant eosinophilic granular cytoplasm and small, eccentric nuclei with coarse chromatin in the lamina propria of the uterus. The audience voting choices and results were (1) carcinoma (0%), (2) histiocytoma, benign (5%), (3) histiocytoma, malignant (0%), (4) histiocytic aggregates (3%), (5) granular cell aggregates (14%), (6) granular cell tumor (78%), and (7) another diagnosis (0%).
The majority of the audience voted for the diagnosis of granular cell tumor based on the size of the lesion, distinct borders, and slight compression of surrounding tissue. The author's preferred term was granular cell aggregate (or focus, accumulation, or hyperplasia). The author did not consider this lesion a tumor because these lesions occur with increasing age in nearly all female Syrian hamsters, especially if lesions consisting of 2 to 3 cells are included. If one only counts the lesions that are visible at low magnification, the incidence can be as high as 81% (Kamino et al. 2001) . The sizes of the lesions are variable, but rarely are they larger than the one presented here for voting. These lesions can show minimal compression, but no other tumor criteria. In the hamster, particularly in aging female hamsters, this is very a common, nonneoplastic change with a multifocal distribution in the endometrium and muscular layer of the uterus.
Discussion then focused on the history and cellular features of granular cell aggregates and tumors in hamsters. Granular cell foci are found in the hamster uterus at an incidence of 54% (Kamino et al. 2001) . In one report, granular cells resembling those of granular tumors were found scattered in the subserosa of the uterus in three female hamsters (Pour et al. 1976 ). Tumors composed of granular cells in the intestinal walls of white hamsters have been described by Pour, Althoff, and Cardesa (1973) and granular cell tumors have also been observed in the peripheral nervous system (Pour, Althoff, and Cardesa 1973) .
The cell of origin of uterine granular cell tumors or aggregates has not been definitively determined although they are thought to be of myogenic (Veit et al. 2008 ), Schwann cell, or histiocytic origin (Markovits and Sahota 2000a) . The principle histomorphologic feature of granular tumor cells/aggregates in B6C3F1 mice is the presence of abundant cytoplasmic eosinophilic granules that stain positive for periodic acid-Schiff (PAS) with diastase resistance (Veit et al. 2008 ). Expression of S-100 and neuron specific enolase in rodent granular cell tumors/aggregates may be negative (Veit et al. 2008 , Miyajima et al. 2001 or positive (Courtney et al. 1992; Markovits and Sahota 2000a) . Ultrastructurally, uterine granular cell tumors in mice demonstrate prominent electron-dense granules and contain secondary lysosomes (Veit et al. 2008 ). Markovits and Sahota (2000a) reported that up to 23% of control female Sprague-Dawley rats from 9 carcinogenicity studies had granular cell lesions in the distal reproductive tract (Markovits and Sahota 2000a) . They described granular cell aggregates as lesions composed of typical granular cells that generally lacked collagen, were not space occupying, and did not efface normal tissue architecture. Most were aggregates within the wall of the cervix/vagina but were also present in the adventitia.
Benign granular cell tumors were described as space occupying and expansile lesions composed of typical granular cells with variable but frequently abundant amounts of prominent interstitial collagen. Many were distinct nodules within the muscularis or extended into the adventitia. Others had indistinct borders and expanded along tissue planes and ligaments. Mitotic figures were not noted in benign tumors.
Study data in three 104-week studies in Syrian golden hamsters (strain Han:AURA), untreated controls, were then presented. Granular cell aggregates were noted at an incidence of 23%, 62%, and 64% in the uterus in these studies. The PAS positivity of granular cell tumors was demonstrated (image not shown), and the cause of granular cell lesions was discussed. Although there was no direct evidence of an estrogenic effect on the Sprague-Dawley granular cell lesions in the Markovits and Sahota (2000b) study, they did indicate a remarkable reduction in the incidence of granular cell aggregates and tumors after aromatase inhibitor treatment. Since these compounds prevent the conversion of androgenic steroids to corresponding estrogens, this may suggest a role for estrogen in the pathogenesis of these tumors (Markovits and Sahota 2000b) .
The discussion ended with a brief summary of granular cell lesions including the fact that there is a high incidence of this lesion in hamsters on chronic 2-year toxicity studies, but a low incidence in 13-and 52-week studies. The cell of origin of granular cell tumors or aggregates has not been definitively described and may be myogenic, Schwann cell, or histiocytic. Granular cell aggregates or tumors cause lesions with typical large cells with granular cytoplasm that often contain eccentric nuclei and stain positive with PAS.
The generous contributions from Heinrich Ernst, Fraunhofer ITEM, Hannover, Germany and Paul-Georg Germann, Takeda, Germany are gratefully acknowledged.
LUNG LESIONS IN CONTROL RATS FROM GAVAGE STUDIES
Dr. Torrie A. Crabbs (Experimental Pathology Laboratories, Inc., Research Triangle Park, NC) presented two cases, both of which involved lung lesions from control Fischer 344 (F344)/N rats. The lesions had been encountered during a retrospective review in which Dr. Crabbs evaluated the lungs of control rats from chronic toxicity studies, comparing the presence of pulmonary lesions in association with the route of administration, particularly oral gavage. Both of the presented cases were from oral gavage studies and all images were from routine sections of lung.
The first case presentation was from a male control F344/N rat; water served as the vehicle control. Knowledge concerning the length of the study (and thus age of the rat) was initially withheld, and the audience was asked to vote on the most likely etiology/etiologic diagnosis prior to receiving this information. The following voting choices were provided: (1) lymphoma; (2) rat respiratory virus; (3) Pneumocystis carinii; (4) Pneumocystis jiroveci; (5) Mycoplasma pulmonis; (6) idiopathic interstitial pneumonia; (7) infectious interstitial pneumonia; and (8) other. The lesion consisted of 2 components: (1) a dense perivascular infiltrate composed of lymphocytes admixed with lesser numbers of macrophages and (2) thickening of the adjacent alveolar septae by a lymphohistiocytic infiltrate ( Figure 4A and B). Based upon these histologic features, the presenter identified P. carinii as the respectively) were used to illustrate a lesion that is morphologically similar to Pneumocystis carinii infection with chronic perivascular inflammation and multifocal lymphohistiocytic interstitial inflammation. Images C-F were presented for Case 2, which involved an oral gavage study in which corn oil served as the vehicle control. Centriacinar lesions (C) are comprised of chronic inflammation, type II epithelial hyperplasia, and bronchiolar metaplasia (D). Figure E illustrates numerous pale yellow homogeneous droplets (arrows) within the alveolar spaces of a F344/N male control rat. There is positive staining of the droplets for Sudan Black indicating that the foreign material may be corn oil (F). possible etiology. While 19% of the audience concurred with this diagnosis, the majority voted for either idiopathic interstitial pneumonia (28%) or rat respiratory virus (22%). The distribution of votes was not surprising given that in younger rats, this entity has been previously described in the literature as ''idiopathic interstitial pneumonia'' and erroneously attributed to an unknown ''rat respiratory virus.'' Polymerase chain reaction (PCR), and histochemistry using silver stains, has recently identified the fungus P. carinii as one infectious agent responsible for producing these lesions in young rats (Livingston et al. 2011) . Dr. Crabbs provided a brief review of pneumocystosis in rats, emphasizing the histologic differences between immunodeficient and immunocompetent rats. In immunodeficient rats, the lesions are characterized by an interstitial pneumonia in which alveolar septae are thickened by a mononuclear infiltrate and alveoli are distended by pneumocystis organisms. Histologically, these organisms appear as finely vacuolated eosinophilic material. Silver stains, such as Grocott's methenamine silver stain (GMS), can be utilized to highlight the organisms. In immunocompetent rats, the lesions are characterized by perivascular infiltrates of macrophages and lymphocytes, which sometimes form dense lymphocytic cuffs, in addition to a lymphohistiocytic interstitial pneumonia. The lesion in immunocompetent rats has not been associated with route of administration nor has it been demonstrated to exhibit a dose response (Elwell, Mahler, and Rao 1997) . More importantly, the lesion has not been reported to occur in animals from chronic studies; but rather resolve before adulthood (Elwell, Mahler, and Rao 1997; Slaoui, Dreef, and van Esch 1998) . At this point, Dr. Crabbs revealed that this case was from a chronic 2-year toxicity study, and stated that while the lesion fit the histologic diagnostic criteria established by Albers, Simon, and Clifford (2009) for this entity, the etiologic agent was not definitely known. From this point on, Dr. Crabbs more accurately referred to the lesion in her case as presumptive or ''P. carinii-like'' and announced that there were plans to further evaluate for the presence of P. carinii through the use of silver stains and PCR for a definitive diagnosis. The audience was questioned as to whether others had seen lesions similar to these in older rats and if anyone had additional insight or opinions on the etiology. It was suggested that immunohistochemistry for P. carinii might also be considered. Dr. Crabbs concluded by stating that within the particular gavage study in which this example was discovered, the lesion occurred quite frequently, and added that identical lesions were also present in control rats from an additional chronic inhalation study.
Images of lesions from two different rats were provided for the second case presentation. Both examples were from male control F344/N rats, and both rats were from the same chronic 2-year carcinogenicity study. The study was an oral gavage study in which corn oil served as the vehicle control. The lesions were consistently centered on the terminal bronchioles and alveolar ducts (centriacinar) and were composed of an infiltrate of large foamy macrophages, admixed with lesser numbers of neutrophils, lymphocytes, plasma cells, cellular debris, and epithelioid macrophages that at times contained linear, clear spaces (cholesterol/sterol clefts; Figure 4C ). Regions of type II alveolar epithelial hyperplasia and bronchiolar metaplasia of alveolar epithelium were often concurrent ( Figure 4D ). The audience was asked to vote on how they would record these lesions, and the voting choices were provided (Table 2) .
While the distribution of votes was quite varied, the majority of the audience voted for either option (6) infiltration cellular, histiocyte; type II epithelial hyperplasia; and bronchiolar metaplasia (34%), option (4) infiltration cellular, histiocyte, and bronchioloalveolar hyperplasia, mixed (27%), or option (5) inflammation, chronic; type II epithelial hyperplasia; and bronchiolar metaplasia (17%). Each of the remaining 3 options received 8% of the votes. Dr. Crabbs explained that while features of chronic inflammation, type II epithelial hyperplasia, and bronchiolar metaplasia were present, a pathology working group (PWG) voted to record the lesion as ''inflammation, chronic'' (option 1) and then provide a description in the pathology narrative since it was not a treatment-related lesion; 7% of the audience voted for option 1. The PWG did not want to confuse this nontreatment related lesion with a similar appearing treatment-related one that had been previously recorded in rats exposed to similar compounds. Dr. Crabbs stated that she was not surprised by the voting results; she felt they reflected the same issues she had encountered during the retrospective review: when is it appropriate to lump diagnoses versus split them; when does an aggregate of cells signify inflammation versus a cellular infiltrate; and when should alveolar hyperplasia and bronchiolar metaplasia be recorded separately versus combining them under the INHAND suggested term ''bronchioloalveolar hyperplasia, mixed'' (Renne et al. 2009 ). Dr. Crabbs stated that the examples she presented were from 2 of the more severe cases she had encountered during her retrospective review and commented that often times the lesions were much more subtle. A panel of images demonstrating the entire spectrum of lesions was projected. While in all instances the lesions were centriacinar (bronchioloalveolar) in distribution, the combination of the specific histologic features (chronic inflammation, epithelial hyperplasia, and bronchiolar metaplasia) differed. In some cases, only small numbers of histiocytes were present, while in others, the histiocytic component was much denser and admixed with additional At this point, Dr. Crabbs described the study design of the retrospective review in further detail and explained that while data interpretation was ongoing, she could still provide results from a subset of the data. The subset included data from 2 chronic gavage studies (both of which utilized corn oil as the vehicle control), one chronic feed study, and one chronic water study. All lung tissues were from control animals. The results are summarized in Table 3 . Minimal to mild alveolar histiocytosis was present in approximately 50 to 60% of rats, irrespective of administration route. However, the distinct centriacinar lesions were present only in the rats from the chronic gavage studies. Since the centriacinar region is a common sight of injury to inhaled particles and toxicants, it was questioned why centriacinar lesions were being seen in control rats from noninhalation studies. Dr. Crabbs explained that while it was not obvious in the previously projected photomicrographs, numerous pale yellow homogeneous droplets were present in many of the rats from the gavage studies Visibility of these droplets was enhanced by removing the condenser ( Figure 4E ). This finding was lacking in all animals from the water and feed studies. Therefore, it was suspected that the droplets represented small amounts of corn oil that had been aspirated during the gavage procedure, and that the centriacinar lesions had developed as a result. Sudan Black staining was performed on formalin-fixed paraffin-embedded sections of lung from a few rats from each of the studies. This stain is primarily used for detection of neutral triglycerides and lipids on frozen sections and some lipoproteins on paraffin sections. The sections from the animals from the water and feed studies were negative for Sudan Black, with the exception of faint positive staining of the peribronchial fat (positive internal control). In contrast, the rats from the gavage studies exhibited intense positive staining throughout many of the alveolar spaces ( Figure 4F ), in addition to the faint staining of the peribronchial fat.
Dr. Crabbs concluded the presentation by stressing that (1) centriacinar lesions can and do occur in gavage studies, (2) they can be seen in both treated and control animals, depending upon the vehicle control and chemical properties of the test article, and
(3) dose responses can be seen (data not presented). Therefore, when centriacinar lesions are present in gavage studies, especially if a dose response is noted, particular attention should be paid to the presence of pale yellow homogenous droplets within the alveolar spaces and subtle changes in the control animals, as these may suggest aspiration as the culprit. She emphasized that it is crucial that the distribution of lung lesions be taken into account when considering pathogenesis and suggested diagnostically distinguishing lesions that consistently occur at the junction of the terminal bronchioles and alveolar ducts; INHAND suggests incorporating the subanatomic modifier ''bronchioloalveolar.'' This case generated a nice discussion on the varying opinions of lumping versus splitting diagnoses. Dr. Crabbs concluded the presentation by stating that when centriacinar lung lesions appear in animals from gavage studies, aspiration should be considered. Specific attention should be given to the presence of subtle centriacinar lesions within control animals, in addition to the presence of corn oil droplets within the alveolar spaces, when corn oil is used as the vehicle control.
TOP SHELF QUANDARIES
Dr. Michael Boyle (NTP, NIEHS, Research Triangle Park, NC) presented three cases on behalf of Dr. David Malarkey (NTP, NIEHS). These cases present a bit of ''thinking out of the box''; not your conventional symposium cases, but some thought provoking examples of molecular pathology data providing insight into carcinogenic processes in rodent models. Not all images could be presented here due to the as-yetunpublished status of the research.
The first case pairs molecular data (kindly provided by Drs. Hiroki Nagai, Sachin Bhusari, and Mark Hoenerhoff), with histological evidence that supports independent pathways occurring in the development of hepatoblastoma within preexisting hepatocellular neoplasms. The audience was asked to diagnose the lesion/lesions observed in several hematoxylin and eosin (H&E)-stained sections ( Figure 5A-D) . The choices were (1) cholangiocarcinoma, (2) metastatic carcinoma, (3) hepatocellular adenoma, (4) hepatocellular carcinoma, (5) hepatoblastoma, multiple, and (6) hepatoblastoma arising within an adenoma. The vast majority of participants correctly diagnosed hepatoblastoma arising within an adenoma (82%), followed by cholangiocarcinoma (8%) and metastatic carcinoma (5%). Mouse hepatoblastoma is a primitive, poorly differentiated neoplasm that is believed to be a variant of a hepatocellular neoplasm. Typically, hepatoblastoma consists of an expansile and well-demarcated, solid to cystic tumor that is often accompanied by necrosis and/or hemorrhage; however, these tumors may be invasive and/or metastatic (Turusov et al. 2002 ; Figure  5A ). Tumor cells are small and ovoid with basophilic cytoplasm, hyperchromatic nuclei, and occasional mitotic figures ( Figure 5B-D) . Hepatoblastoma is an uncommon spontaneous neoplasm in male B6C3F1 mice, and rare in female B6C3F1 mice, and can be induced by a variety of rodent carcinogens. Hepatoblastoma is often observed to be arising from within a preexisting hepatocellular tumor ( Figure 5A and B) suggesting that it evolves via dedifferentiation of a neoplastic hepatocyte. If so, one would expect the hepatoblastoma to harbor the same genetic mutations as its parent hepatocellular tumor. In the NTP Pathology Group, Dr. Hiroaki Nagai studied 30 mice with hepatoblastoma arising within a hepatocellular carcinoma for mutations in H-ras or b-catenin. DNA was extracted from each tumor cell population by laser capture microdissection on paraffin sections. Of the 30 mice, eleven had at least one point mutation in either H-ras and/or b-catenin (Table 4) , while only a single pair of tumors from the 30 mice examined shared a mutation. In these cases, a shared mutation between the hepatoblastoma and the carcinoma from which it appeared to arise was an exception, rather than the rule. This suggests that hepatoblastomas do not arise from hepatocellular neoplasms. Further, principle component analysis (PCA) revealed that not only are hepatoblastomas genomically distinct from hepatocellular carcinomas but mouse hepatoblastomas are genetically similar to human hepatoblastomas based on marked dysregulation of genes involving Wnt/b-catenin pathway, embryonic stem cell pluripotency, and embryonic imprinting (data not shown).
The second case is the first reported example of parathyroid hormone-related peptide (PTHrP)-mediated humoral hypercalcemia associated with benign neoplasms (papillomas) in an animal model, in this case the Tg.AC transgenic mouse (Hansen et al. 1998) . Conference participants were shown several tables including those conveying data regarding tumor development (tumors were increased in those animals harboring the A VY mutation), decreases in body weight gain (decreased in body weight gain were concomitant with treatment), and serum calcium analysis between groups ( Figure 6 ). Upon revealing that mice containing the agouti variable yellow mutation (A VY ) appeared to have hypercalcemia associated with neoplasm development, the participants were asked to choose one of the following explanations: (1) humoral hypercalcemia of malignancy, (2) humoral hypercalcemia of benignancy, (3) all values are within the range of normal, or (4) I don't know, ask a Clinical Pathologist. Humoral hypercalcemia of malignancy was the most popular choice at 42%, followed closely by ''I don't know, ask a Clinical Pathologist'' at 32%. Approximately 18% of the audience correctly chose humoral hypercalcemia of benignancy.
In this study, Tg.AC transgenic mice were crossed with an A vy to determine the influence of agouti protein on skin papillomagenesis in an Agouti Â Tg.AC mouse (Hansen et al. 1998) . After 5 weeks of dermal treatment with 3 different doses of 12-O-tetradecanoylphorbol-13-acetate (TPA; 1.25 mg, 2.5 mg, and 5.0 mg), papillomas began to develop. There was a dose-related papillomagenesis at a rate more numerous in A vy Â Tg.AC mice with concomitant loss of body weight (up to 40%). Beginning around week 9, the time papillomas were really becoming more numerous, many mice were becoming cachexic and sacrificed due to morbidity. Complete blood count (CBC) and clinical chemistry were performed on survivors and revealed mice with moderate to severe elevations in serum calcium (13-20 mg/dl; normal range 8.5-12.5 mg/dl). Serum PTHrP, a mediator of humoral hypercalcemia, was detected in papilloma-bearing mice (courtesy of Dr. Andrew Stewart of VA Hospital, West Haven, CT) and serum levels correlated with the degree of hypercalcemia. In some cases, TPA exposure was discontinued, papillomas regressed, and serum calcium returned to normal. PTHrP is produced by epidermis and hair follicles, which is the proposed origin of cutaneous papillomas. This is the first report of humoral hypercalcemia due to benign neoplasms. Numerous participants speculated that analysis of other tissues dependent upon calcium and phosphorus homeostasis, such as long bones, may be beneficial in these scenarios.
The last case posited how, in the case of acetaminophen toxicity, gene expression profiles may be more helpful at low dose levels than ultrastructural and light microscopic findings and are the basis of the newly proposed ''no observable transcriptomic effect level'' (NOTEL). At high doses, a variety of hepatotoxicants have an overwhelming proportion of altered gene transcripts in common, many of which are involved in oxidative stress, acute phase responses, hepatocyte degeneration, DNA damage, cell proliferation, cell cycle progression, energy loss, and repair. Symposium attendees were presented with a graph depicting the number of genes either upregulated or downregulated based on treatment and time following treatment (Figure 7) , and then asked to vote. Their choices were: (1) high-dose, but not low-and mid-dose, hepatotoxicity is evident by H&E, (2) mid-dose causes only ultrastructural lesions, (3) high-dose hepatotoxicity is evident by magnetic resonance imaging (MRI), (4) NOTEL not reached, (5) this is probably acetaminophen toxicity, and (6) all of the above. A plurality of audience members (39%) correctly identified that all of the answers were correct, and chose ''All of the above.'' The next favorite answer was ''high-dose, but not low-and mid-dose, hepatotoxicity is evident by H&E'' (31%).
In this study, thirty 8-week-old male F344 rats were dosed with toxic and subtoxic doses of acetaminophen and then monitored by MRI microscopy, light microscopy, and/or gene array profiling after 6, 24, or 48 hr (Heinloth et al. 2004) . At low (Gerrish and Malarkey 2007) . In conclusion, gene array was the most sensitive technique to detect hepatotoxicity and might be the basis for determining a newly proposed ''NOTEL.'' Audience members rightly cautioned against heavily weighing low sensitivity points such as ''NOTELs'' in risk assessments as transcriptome levels plotted relative to treatment groups is not necessarily indicative of relevant biology, particularly in the absence of additional information such as species, strain, and animal-to-animal variability indices, statistical method selection including fold change cutoff, and more rigorous association to treatments.
ELECTRON MICROSCOPIC BRAIN TEASERS
Two TEM cases from Dr. Connie Cummings (UltraPath Imaging, Research Triangle Park, NC) were presented by Dr. Michelle Cora (NTP, NIEHS, Research Triangle Park, NC). The first case was an abnormality of erythrocytes from genetically engineered mice. The abnormality was observed on peripheral blood smears ( Figure 8A ) submitted to the Clinical Pathology Laboratory at the National Institute of Environmental Health Sciences (NIEHS). Electron microscopy was requested to further characterize the abnormality (Figure 8B and C) . Photomicrographs of both the peripheral blood smears and the electron micrograph images were shown to the audience. The voting choices and results were babesiosis (16%), Heinz bodies (6%), hepatozoonosis (9%), normal erythrocytes (11%), intracytoplasmic inclusions (22%), and hereditary protein 4.1 deficiency (35%). The correct answer was intracytoplasmic inclusions; these inclusions are crystalline like and suspected to be hemoglobin crystals.
An overview of the other choices was briefly discussed. Babesia is a protozoal organism that is seen as piroplasms within erythrocytes and usually with a signet ring appearance sometimes in a Maltese cross formation (Homer et al. 2000) . Heinz bodies are oxidation of hemoglobin that leads to precipitation of the hemoglobin and appears as electron dense (not crystalline) intracellular inclusions or projections from the erythrocyte cell wall (Barger 2010) . In mammals, stages of Hepatozoon species are observed in circulating monocytes and neutrophils (not erythrocytes). The type of leukocyte infected is dependent upon the species and geographic distribution of the mammalian host (Cummings et al. 2005; Johnson et al. 2007 ). Protein 4.1 is a membrane protein associated with spectrin and F-actin (Smith et al. 1983 ). Deficiencies of protein 4.1 cause erythrocytic elliptocytosis, among other abnormal erythrocytic morphologies, but it does not result in intracellular inclusions.
Several hypotheses for the cause of the suspected hemoglobin crystals were next presented. The formation of the inclusions is thought to be preanalytical artifact due to one or more of the following factors: location of blood collection (e.g., retro-orbital, submandibular, cardiac), type of ethylenediaminetetraacetic acid (EDTA) utilized (e.g., Na 2 EDTA, K 2 EDTA, K 3 EDTA), ratio of blood to EDTA, and potential constitutive differences in the blood vials. Thus far, preliminary studies do support preanalytical artifacts as the cause for the crystalline inclusions, which are unrelated to mouse strain. In these studies, blood from C57B6 mice was used to make several different EDTA:blood dilutions in vials from two different manufacturers, after which blood smears were made and then evaluated for the presence of erythrocytic inclusions. Data from these studies demonstrated a link between the EDTA: blood ratio and vial manufacturer in the formation of these inclusions as the presence and numbers of the inclusions increases with higher EDTA:blood ratios and appears to be dependent on the brand of the blood vial. The second case was TEM of tissue in Wistar Han rats from a subchronic study. Electron microscopy of the tissue was requested to assess tissue changes and determine nanoparticle uptake. The type of tissue and tissue location was not revealed to the audience prior to voting. Two TEM photomicrographs ( Figure 8D and E) were shown to the audience with the following voting choices: (1) lipoma, (2) white fat, (3) brown fat, (4) oncocytoma, and (5) other. The majority of the audience (66%) chose the correct answer of brown fat. Characteristics of brown fat cells include multiple intracellular lipid droplets and a cytoplasm replete with mitochondria as this tissue is a source of energy for the body (Pavelka and Roth 2010; Vogel et al. 2011; Sengle et al. 2013 ). The adipocytes are intimately associated with capillaries as seen in Figure 8D and E. Conversely, white fat cells have one large lipid droplet that flattens the nucleus and organelles against the cell membrane (Pavelka and Roth 2010) . Oncocytomas are neoplasms that have cytoplasm filled with abnormal mitochondria and lack lipid droplets (Santos-Briz et al. 1977) . Also discussed was the difference between unsaturated and saturated lipid droplets. On TEM, unsaturated lipid droplets appear medium to markedly electron dense ( Figure 8D ), while saturated lipid droplets are electron lucent to flocculent or finely pale gray and granular ( Figure 8E ; Ghadially 1997) .
In conclusion, the authors note that the two main TEM distinguishing features of brown fat are the lipid droplets, which can vary in electron density according to type of lipid, and the abundance of mitochondria. This tissue may be useful for the examination of mitochondria, in terms of number and structure abnormalities, and as such may be a window into the state of the body's lipid metabolism.
CELL DEATH: ALWAYS A DIAGNOSTIC CHALLENGE
Dr. Susan A. Elmore (NTP, NIEHS, Research Triangle Park, NC) presented a liver lesion from an as-yet-unpublished NTP 28-day bioassay. Other pathologists involved in this study include Drs. Mark Cesta (NTP Pathologist for this study), Georgette Hill (ILS; PWG Coordinator), Jim Morrison (CRL/PAI; EM evaluation), Connie Cummings (Ultrapath Imaging; EM consultation), Kyathanahalli Janardhan (ILS; immunohistochemistry), and the PWG participants.
Female Harlan Sprague Dawley rats were placed on study at 6 to 8 weeks of age and administered test article once daily by oral gavage for 28 days. There were 5 dose groups plus a vehicle control group and there were 8 animals per group. The audience was told that the liver lesion in question occurred in the 3 highest dose groups, increased in incidence and severity, and showed no specific lobular distribution. A series of low-and high-magnification images of H&E-stained liver sections were viewed ( Figure 9A and B) . These showed scattered, randomly distributed, single, or small clusters of affected hepatocytes. Cytologically, the hepatocytes were shrunken and angular with hyperchromatic nuclei and hypereosinophilic cytoplasm. No inflammation was present. There were two EMs that were also shown to the audience (Figure 9C and D) . The first showed a small, shrunken hepatocyte with angular features but an intact cell membrane. The nucleus was small and angular with condensed chromatin, and there was an increased density of cytoplasmic organelles. Mixed between the clusters of mitochondria and endoplasmic reticulum (ER) were lakes of electron lucent regions that could be either distended ER or vacuolated cytoplasm ( Figure 9C ). The second EM showed a hepatocyte with an adjacent and impinging macrophage, more cytoplasmic and nuclear condensation, multiple clear vacuoles, and myelin-like debris ( Figure 9D ). The voting choices and results were artifact (35%), single cell necrosis (27%), apoptosis (11%), degeneration (8%), single cell death (7%), autophagy (5%), oncotic necrosis (5%), necrosis (2%), and I don't know (2%). The lack of clear consensus underscores the unusual nature of this lesion. However, ''artifact'' garnered the most votes despite the dose-related increases in incidence and severity.
The study data are presented in Table 5 . This chemical is a weak peroxisome proliferator and, when given at very low doses, causes minimal to mild centrilobular and periportal hepatocellular hypertrophy in the two highest dose groups and statistically significant increased liver weights in the three highest dose groups. By EM, the main change in the hypertrophied hepatocytes is increased mitochondria but no peroxisome proliferation (at these doses). This unusual hepatocellular lesion (scattered small, shrunken hepatocytes) was seen in the three highest dose groups with increasing incidence and severity. At the highest dose group, 100% of animals had this lesion.
To clarify the meaning of terms presented for voting, Dr. Elmore defined autophagic cell death, degeneration, apoptosis, and necrosis. Oncotic necrosis is a synonym for necrosis that describes the cell swelling (oncosis) (Jaeschke and Lemasters 2003; Majno and Joris 1995; Trump et al. 1997) . The term oncosis (derived from o´nkos, meaning swelling) was proposed in 1910 by von Recklinghausen, precisely to mean cell death with swelling (von Recklinghausen 1910) . In the literature, there are many other terms that have been used for cell death such as necrobiosis, necroapoptosis, aponecrosis, parapoptosis, pyroptosis, necroptosis, pyronecrosis, entosis, anoikis, cornification, eryptosis, and so on (Kroemer et al. 2009; Lang et al. 2006; http://www.merriamwebster.com/medical/necrobiosis; Cornillon et al. 1994; Ameisen et al. 1995; Frisch and Francis 1994) . However, a discussion or definition of each was beyond the scope of this talk. Therefore, only the major terms for cell death were discussed.
Consideration of autophagic cell death was first discussed. This process involves sequestration of cytoplasmic material with autophagosomes for bulk degradation by lysosomes (Levine and Abrams 2008; Hotchkiss et al. 2009; Gump and Thorburn 2011) . H&E evaluation would show autophagic vacuolization of the cytoplasm. EM evaluation would show autophagosomes, which are double membrane bound structures, containing degenerating cytoplasmic organelles or cytosol. Myelin figures would be present and we did see those in this study ( Figure 9E ), but chromatin condensation would not be a feature. Most importantly, we did not see autophagosomes in this study.
Consideration of degeneration was next discussed. This is a form of reversible cell injury, also called hydropic change or vacuolar degeneration. Degenerating cells can have a different morphology depending on the cell/tissue/organ. Generally, cell swelling occurs due to hypoxia and the failure to maintain appropriate cellular osmotic balance, resulting in the gross appearance of pallor, increased turgor, and increased organ weight. Histologically, cell swelling and small, clear cytoplasmic vacuoles are common. Myelin figures, loosening of intercellular attachments, mitochondrial swelling, and dilatation of the rough endoplasmic reticulum (RER) and smooth endoplasmic reticulum (SER) are typical manifestations of degeneration as seen with EM. Since the cells have not passed the point of no return, there is no cell death or inflammation. In this case, the affected hepatocytes did not fit this classic picture of degeneration, especially since there was cell shrinkage and chromatin/cytoplasmic condensation rather than cell swelling.
Apoptosis and necrosis were discussed next, beginning with a table showing the similarities and differences between these two types of cell death (Table 6 ). In general, apoptosis involves single cells or small clusters of cells, whereas necrosis often involves larger groups of contiguous cells (Elmore 2007) . With apoptosis there is cell shrinkage and convolution with cytoplasmic/organelle condensation and hypereosinophilia, whereas with necrosis there is cell and organelle swelling with loss of cellular detail. Apoptotic cells show pyknosis and karyorrhexis with chromatin condensation and peripheralization in the early stages and with necrosis, there is karyolysis, karyorrhexis, and pyknosis although chromatin condensation is not a prominent feature. Most importantly, with apoptosis, there is an intact cell membrane with the cytoplasm retained within apoptotic bodies FIGURE 9.-Small hypereosinophilic hepatocytes in female Sprague-Dawley rats treated with a weak peroxisome proliferator. (A) and (B) show high magnification images of the scattered, randomly distributed, single or small clusters of affected hepatocytes (arrows). These cells are shrunken and angular with hyperchromatic nuclei and hypereosinophilic cytoplasm. (C) to (E) are transmission electron micrographs of the affected hepatocytes. (C) is an example of a hepatocyte that appears to be in an earlier stage. Note the lack of peripheralized chromatin, which would be a hallmark of early apoptosis. Also note the lack of cell swelling, which would be a hallmark of necrosis. (D) is a later stage, with more condensed chromatin and cytoplasm, larger vacuoles, and adjacent/encroaching macrophages (Kupffer cells; arrows). (E) is a higher magnification of (D) showing a myelin figure that is neither within a lipid vacuole nor an autophagosome. (F) is an example of classic hepatocellular apoptosis characterized by single scattered hepatocytes that are small and shrunken with hypereosinophilic cytoplasm and occasional nuclear debris. Various stages of apoptosis can be seen, including apoptotic bodies (arrows). (G) is an example of classic hepatocellular necrosis, characterized by a focal group of contiguous cells with cell swelling, loss of cellular features, cell debris, and inflammation. (H) is an example of single cell necrosis in the liver. The affected cell (long arrow) shows marked cell swelling and karyorrhexis. The ultimate fate of such a cell is cell rupture with release of proinflammatory mediators and eventually inflammation as indicated by the short arrow.
(seen singly or within tingible body macrophages) and therefore a lack of inflammation. Necrosis involves a disrupted cell membrane with cell rupture and release of proinflammatory mediators into the surrounding tissue and therefore inflammation is generally present.
To consider apoptosis as a potential mechanism, special stains, EM and H&E sections were discussed. Caspase 3 (a marker for late apoptosis) and terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL; a nonspecific marker for apoptosis) were performed and both were negative. By EM, you would expect to see peripheralization of the chromatin in the early stages of apoptosis and this was not present. Also, H&E evaluation showed that all of the cells appeared to be at or near the same stage. With apoptosis you would expect some cells in early apoptosis, some in late apoptosis with apoptotic debris within and outside of macrophages, and all stages in between, as illustrated in Figure 9F . Therefore, the changes seen did not fit the classic picture of apoptosis.
To consider necrosis as a potential mechanism, the H&E sections and EM were discussed. By H&E, the affected cells were either individual or in small clusters, and the morphology shrunken and angular. There was no inflammation. With necrosis, the cells would most likely occur in groups, with cell swelling and rupture, and result in inflammation, as illustrated in Figure 9G . If there were single cell necrosis, there would be cell swelling and, if cell rupture had occurred, there would likely be foci of inflammation, as illustrated in Figure 9H . Most importantly, the EM in this case showed small shrunken cells with an intact cell membrane and an increased density of cytoplasmic organelles, rather than cell swelling and rupture. Therefore, we were able to rule out necrosis as a potential mechanism. Finally, consideration for artifact was discussed. It was noted that this lesion had a progressively increasing incidence and severity in the three highest dose groups, and was not present in the control or two lowest dose groups, which would suggest that it is not artifact but rather a true effect of treatment. Using kidney as an example, there was discussion that, with highly metabolic tissues, there can be small shrunken cells if the tissue is not processed immediately. It was argued that treatment might have somehow made the cells more susceptible to an artifactual change. However, tissue processing should not have been a factor since all tissues were processed in a similar fashion and if the lesion was due to processing artifact, it should also have been present in controls and the lower dose groups. Another argument against artifact is the presence of myelin figures in the more severely affected cells ( Figure  9E ). But there was some discussion that myelin figures could be considered an artifact. One audience member noted that myelin figures might be seen as artifact in tissues that are fixed in glutaraldehyde for a prolonged period of time. In this case, the tissues were fixed in formalin. But the chemical process is similar enough that if damage to the cells could occur with glutaraldehyde, it could also occur with formalin. According to this audience member, the occurrence of cytoplasmic myelin figures and irregular membranous profiles within lipid vacuoles is an ''aldehyde fixation effect'' that he routinely sees in tissue samples fixed and stored for extended periods of time in glutaraldehyde and formalin. If an antemortem effect, he would expect many of the myelin figures to be within phagocytic vacuoles and phagolysosomes, since autophagocytosis is the usual cell process that sequesters degenerated cell particulates and organelles. In hepatocyte images from the affected rats, the myelin figures were intracytoplasmic multilamellar membranes that encircled organelles such as mitochondria and ER (e.g., Figure 9E ).
After much discussion, a revote was taken and the results were artifact (54%), single cell necrosis (15%), I still don't know (12%), apoptosis (6%), degeneration (6%), single cell death (3%), necrosis (2%), autophagy (1%), and oncotic necrosis (0%). Artifact continued to be the most popular diagnosis for this lesion despite the dose-related increase in incidence and severity in treatment groups. The true cause of the lesion, or even if it is a lesion, remains an enigma. The final NTP diagnosis for this lesion was ''cellular alteration. '' In postpresentation discussions with the audience member that raised concerns about artifact, it was indicated that the myelin-like figures presented here are similar to those images where the effect was attributed to the drug treatment in a rat liver sample fixed with osmium tetroxide, supporting the theory that these myelin figures are in fact an effect of treatment (Burger and Herdson 1966) . The changes in the hepatocytes in this report are also similar to a manifestation of ''focal cytoplasmic degradation'' as described by Hruban et al. (1963) for a rat hepatoma.
CHALLENGING PROLIFERATIVE UTERINE LESIONS IN THE RAT
Dr. Molly Boyle (Integrated Laboratory Systems, Inc., RTP, NC) and Dr. Susan Elmore (NTP, NIEHS, RTP, NC) presented an unusual uterine lesion from an unpublished NTP chronic gavage and carcinogenicity bioassay in Wistar Han rats. In addition to the PWG, the pathologists involved in the review included Dr. Susan Elmore (NTP Pathologist), Dr. Crystal Johnson (Study Pathologist, Charles River Laboratories, PAI, RTP, NC), and reproductive pathologist, Dr. Darlene Dixon (NTP, NIEHS, RTP, NC).
The lesion of interest was presented for voting in a series of low-and high-magnification images from three female rats ( Figure 10A-H) . This lesion involved both the epithelium lining the glands and the epithelium lining the uterine lumen. Affected glands were separated by little to no stroma and lined by atypical stratified disorganized epithelium, which piled into glandular lumens ( Figure 10A and B) . Atypical hyperplastic uterine luminal epithelium formed multiple branching papillary projections into the uterine cavity ( Figure 10C and D) , but there were also hyperplastic regions that were similar to those seen in the affected glands ( Figure 10E and F) . Affected glandular and luminal epithelium exhibited cellular pleomorphism, loss of nuclear polarization, karyomegaly, epithelial blebbing, and mitoses ( Figure 10B, D, F, H) . Voting choices made available to the audience were (1) adenoma, (2) adenocarcinoma, (3) carcinoma in situ, (4) endometrial hyperplasia, (5) focal glandular hyperplasia, (6) cystic endometrial hyperplasia, (7) atypical endometrial hyperplasia, (8) atypical cystic endometrial hyperplasia, and (9) normal (no diagnosis). Atypical endometrial hyperplasia received 37% of the votes. The other available diagnoses garnered 1 to 24% of the votes: adenoma (1%), adenocarcinoma (3%), carcinoma in situ (4%), endometrial hyperplasia (12%), focal glandular hyperplasia (9%), cystic endometrial hyperplasia (9%), atypical cystic endometrial hyperplasia (24%), and normal (2%). This lesion has not previously been identified in NTP studies, which has used the F344/N rat as the default rat strain until recently. It is rarely observed as a spontaneous lesion in the F344 rat but has been seen with the administration of uterine carcinogens (Leininger and Jokinen 1990) . The PWG that was convened to evaluate this study considered the diagnosis and pathogenesis of this lesion with much discussion. Neoplastic differential diagnoses included adenoma and adenocarcinoma, FIGURE 10.-Atypical endometrial hyperplasia in the uteri of Wistar Han rats from a 2-year toxicity/carcinogenicity bioassay. Clusters of affected glands are separated by little to no stroma (A) and lined by atypical stratified disorganized epithelium that piles up to 6 cell layers thick and protrudes into glandular lumens forming multiple thickened infoldings and projections (B). The epithelial cells display loss of nuclear polarization, karyomegaly, mitoses, and cellular pleomorphism (B). Also identified in this study was a papillary type of atypical hyperplasia (C) characterized by numerous small branching projections of epithelium that extend into the uterine lumen with epithelial blebbing and loss of nuclear polarization (D). Occasionally, large cystic glands (E) would also show areas of similar cellular atypia (F). Focal areas of the uterine lumen (G) were also affected by atypical endometrial hyperplasia (H). but lack of a distinct mass and surrounding compression or invasion distinguished atypical endometrial hyperplasia from neoplasia. Although some of the glands exhibiting atypical endometrial hyperplasia could be described as cystic, cystic endometrial hyperplasia is characterized by normal appearing endometrial epithelium that becomes attenuated with ectasia. Cystic dilatation was not consistently present in affected glands, thus atypical cystic endometrial hyperplasia was not considered applicable.
The differential diagnosis that received the most consideration was focal glandular hyperplasia. This lesion is described as a proliferation of (atypical) glands but does not incorporate luminal epithelial changes. ''Focal glandular hyperplasia'' has previously been described in rodents (Dixon et al. 1999; Leininger and Jokinen 1990) and the INHAND female reproductive OWG is considering focal glandular hyperplasia with ''atypical'' as a modifier for affected glandular epithelium (personal communication). However, this is the first reported case of the uterine luminal epithelium also being affected, and the need for a distinction was considered. If atypical focal glandular hyperplasia was used, another term would have been needed to describe the uterine luminal changes. Since the glandular and luminal epithelium are continuous, it seemed that one term should encompass both. As a result, the PWG chose the term ''atypical endometrial hyperplasia. '' In women, this lesion is diagnosed as ''complex atypical hyperplasia'' and is considered preneoplastic (Kurman and Norris 1994) . Development of the lesion results from high levels of estrogens combined with insufficient levels of progesterone-like hormones. Risk factors include obesity, polycystic ovary syndrome, estrogen-producing tumors such as a granulosa cell tumor, and some estrogen replacement therapies. It has also been associated with uterine carcinogens that are uterine estrogen agonists, such as Tamoxifen (Newbold et al. 1997 ) and is considered a significant risk factor for the development or even coexistence of endometrial cancer. One study reports that, in women with this lesion, 22% eventually developed cancer (Kurman, Kaminski, and Norris 1985) .
The preliminary results of this yet-to-be-published 2-year bioassay reveal treatment-related statistically significant increased incidences of atypical endometrial hyperplasia, adenocarcinomas (including multiples), and adenomas. In this study, atypical endometrial hyperplasia appears to be preneoplastic based on histomorphology and incidence, as it relates to uterine tumors. Future mechanistic studies are warranted to better understand the pathogenesis of this lesion in rats.
CHALLENGING RAT UTERINE NEOPLASMS
Dr. Crystal Johnson (Charles River Laboratories, PAI, Durham, NC) presented an unusual uterine tumor from an unpublished NTP chronic gavage toxicity and carcinogenicity bioassay, the same study as that previously presented by Dr. Molly Boyle. In addition to the PWG, the pathologists involved in the review of this study included the NTP pathologist (Dr. Susan Elmore, NTP, NIEHS, RTP, NC), the study pathologist (Dr. Michael Ryan, Battelle Memorial Institute, Columbus, OH), and the quality assurance (QA) pathologist (Dr. Terence Adams, Experimental Pathology Laboratories, RTP, NC). Additional residual uterine tissue was sectioned longitudinally and reviewed by Drs. Crystal Johnson and Molly Boyle (Integrated Laboratory Systems, RTP, NC). Reproductive pathologist, Dr. Darlene Dixon (NTP, NIEHS, RTP, NC) provided additional helpful consultation.
Male and female Wistar Han (Crl:WI[Han]) rats were dosed via gavage for either 14 weeks (interim sacrifice) or 105 weeks (terminal sacrifice) and an increased incidence of uterine tumors was noted. The first case presented for voting consisted of a series of five low-and high-magnification images of a uterine neoplasm with unusual morphology ( Figure 11A  and B as examples) . The uterine tumor completely effaced the uterine architecture and appeared solid ( Figure 11A ). Neoplastic cells were arranged in solid sheets and streams without acinar formation. Individual neoplastic cells were large and pleomorphic with large round to elongate nuclei containing an open chromatin pattern and a single prominent magenta nucleolus ( Figure 11B ). Bizarre mitotic figures were frequent. Voting choices made available to the audience were (1) sarcoma, (2) adenoma, (3) carcinoma, (4) carcinosarcoma, (5) adenocarcinoma, and (6) malignant mixed Müllerian tumor (MMMT). The majority of the voting attendees chose either carcinosarcoma (33%) or MMMT (20%). The other available diagnoses garnered from 1 to 20% of the votes: adenoma (1%), carcinoma (12%), adenocarcinoma (16%), and sarcoma (20%).
A second neoplastic uterine mass with unusual morphology from the same study was presented as case two in a series of seven images. Microscopically, a portion of the tumor consisted of areas of well-differentiated glandular epithelium. The glandular epithelium was several layers thick in some areas (piled up) with very little intervening stroma between glands, characteristic of a typical uterine adenocarcinoma ( Figure  11C ). Other portions of the same mass formed solid areas that contained a population of small darkly basophilic polygonal cells surrounded by eosinophilic amorphous material (osteoid; Figure 11D ) and scattered islands of more mature bone with evidence of mineralization and occasional multinucleated cells, likely osteoclasts. Voting choices made available to the audience were (1) sarcoma, (2) adenoma, (3) teratoma, (4) carcinoma, (5) osteosarcoma, (6) carcinosarcomas, (7) adenocarcinoma, and (8) MMMT. The majority of the voting attendees chose either carcinosarcoma (31%) or MMMT (24%). The other available diagnoses garnered 0 to 19% of the votes: sarcoma (0%), adenoma (1%), carcinoma (1%), osteosarcoma (10%), adenocarcinoma (13%), and teratoma (19%).
The preliminary results of this yet-to-be-published 2-year bioassay revealed treatment-related statistically significant increased incidences of atypical endometrial hyperplasia (see Molly Boyle's presentation), adenocarcinomas, and combined uterine tumors of epithelial origin (Table 7) . A PWG was convened to evaluate these studies and determine the most appropriate diagnosis for the uterine neoplasms. The unusual solid appearance of some of the neoplasms generated much discussion and debate among pathologists. The PWG considered the terms ''sarcoma, '' ''carcinosarcoma,'' and ''adenocarcinoma, atypical,'' but recommended a panel of immunohistochemical markers to determine the neoplastic populations present. A subset of uterine tumors displaying solid growth patterns was selected for staining with cytokeratin and vimentin. Following immunohistochemistry, six neoplastic masses were found to contain areas of positive staining for both cytokeratin and vimentin. In some cases, individual neoplastic cells stained with both cytokeratin and vimentin, indicating dual positivity. In all cases, the neoplastic epithelial and mesenchymal cells were intermingled, thus giving the impression of a carcinosarcoma.
After consideration of the tumor morphology, the immunohistochemical stains, and a review of the literature, the term ''malignant mixed Müllerian tumor'' (MMMT) was selected as the most current and appropriate terminology for these specific neoplastic masses. Figures 11E and 9F show a side-byside comparison of an adenocarcinoma and an MMMT stained with H&E. Figure 11G and H show a side-by-side comparison of an MMMT stained with cytokeratin and vimentin to illustrate the neoplastic epithelial and mesenchymal components, respectively. The terms MMMT and ''carcinosarcoma'' have been used interchangeably in the human literature and are considered to be synonymous. The female reproductive INHAND OWG may recommend using the term malignant mixed Müllerian tumor, as it is more descriptive of the neoplastic cell of origin (personal communication).
In the human literature, MMMT is synonymous with carcinosarcoma and is composed of both epithelial and mesenchymal neoplastic components (Scully et al. 1994) . The mesenchymal component may be considered homologous if it arises from tissues normally present within the uterus, such as smooth muscle, fibrous tissue, or endometrial stroma ( Figure 11B ). Heterologous types contain mesenchymal tissues not normally present in the uterus, such as skeletal muscle, cartilage, or bone (Figure 11D) . MMMT is a very rare, spontaneous neoplasm in animals and has been previously diagnosed in one cat (Nicotina, Zanghi, and Catone 2002) , one rabbit (Goto et al. 2006) , five Lewis rats (Kaspareit-Rittinghausen and Deerberg 1990), and three Wistar rats (Takami et al. 2011; Van den Brink-Knol and van Esch 2010) , though it has never been reported as a treatment-related finding in animals.
MMMTs are believed to arise from the pluripotent cells of the Müllerian ducts, giving rise to both epithelial and mesenchymal elements. In the developing embryo, two sets of paired tubular reproductive organs develop from intermediate mesoderm, the Wolffian duct and the Müllerian duct. In males, anti-Müllerian hormone is secreted by Sertoli cells of the testes and the Müllerian duct regresses. In females, these ducts lead to development of uterus, Fallopian tubes, cervix, and cranial vagina. Persistent rests of the Müllerian duct are believed to be the structures from which MMMTs arise.
In humans, MMMTs can arise in the vagina, cervix, Fallopian tubes, or ovaries and is most common in postmenopausal women with a mean age of 57.5. This is an uncommon tumor, accounting for only 2 to 5% of all uterine FIGURE 11.-Malignant mixed Müllerian tumors (MMMTs) in female Wistar Han rats from a 2-year toxicity/carcinogenicity bioassay. The lesion presented for voting as case 1 depicts a large solid neoplastic mass (homologous MMMT) that effaces the normal uterine architecture (A). Higher magnification of the lesion in (A) shows neoplastic cells arranged in solid sheets without the typical adenocarcinoma acinar formation (B). Neoplastic epithelium arranged in acinar structures comprises a portion of the heterologous MMMT presented in case 2 (C). The glandular epithelium is several layers thick in some areas with very little intervening stroma between glands, characteristic of a typical uterine adenocarcinoma (C). Other portions of the mass from (C) are composed of small angular basophilic neoplastic cells surrounded by abundant eosinophilic material (osteoid) and islands of mature bone (D). (E) and (F) were used to illustrate the differences in cellular morphology between a classic uterine adenocarcinoma and an MMMT. The adenocarcinoma is composed of acinar formation lined by well-differentiated neoplastic epithelium (E). The MMMT is densely cellular and solid (F). The cells contain a moderate amount of cytoplasm, indistinct cell borders, and variably sized round to oval nuclei with coarse to stippled chromatin and one to several prominent nucleoli. Cytokeratin (G) and vimentin (H) were used to illustrate the epithelial and mesenchymal components of this neoplasm, respectively. cancers (Choijamts et al. 2011) , though associated with a disproportionally higher mortality rate, with stage 1 tumor (confined to uterus) at a 5-year survival rate of 50%. In two human studies, 70 to 80% of cases were found to be clonal, that is the epithelial and mesenchymal portions are derived from the same neoplastic cell (Buza and Tavassoli 2009) . Another study suggests that 20 to 30% of human cases may be ''collision tumors,'' arising from 2 different neoplastic cells and joining to form a single mass (El-Nashar and Mariani 2011).
In humans, metastases of these tumors are often composed of the epithelial component only. Previous treatment modalities were directed at the sarcomatous portion of tumor; however, this was found to be ineffective. Further studies determined that the primary source of tumor aggressiveness was the epithelial component, which is now the main focus of treatment. Stem cell markers Sal-like protein 4 (SALL4) and glypican-3 are expressed in 33 and 88% of human MMMT cases, respectively (Bing et al. 2012) . Current NTP efforts are underway to better characterize the rat MMMTs from this study with stem cell markers.
LESIONS FROM THE GASTROINTESTINAL INHAND OWG
At the time of the symposium, the nomenclature and diagnostic criteria generated by the INHAND Digestive Tract OWG were in an advanced draft status. For the OWG, Dr. Nolte presented three cases of gastrointestinal lesions centering on the nomenclature and differential diagnosis between infiltration in epithelial malignancies on one hand and diverticula on the other. It was the aim of this presentation to point to the importance of this differential diagnostic challenge and to get input from the audience on the suggested nomenclature and diagnostic criteria.
The first in this series of the three cases showed cyst-like structures in the tunica muscularis of the glandular stomach and cecum of B6C3F1 and CD1-mice, which were lined by essentially normal mucosa ( Figure 12A ). The mucosa consisted of characteristic surface epithelium with underlying glands lined by parietal and chief cells in the stomach ( Figure 12B ) and with crypts rich in Goblet cells in the cecum. The mucosa was sharply demarcated from the surrounding tissue indicating the presence of an intact basement membrane. The majority of the voting attendees (73%) chose either diverticulum (30%), diverticulum simple (28%), or diverticulum atypical (15%). Also herniation (of mucosa) attained a relevant percentage of votes (19%). The other available diagnoses obtained 6% (ectopic mucosa), 1% (hyperplasia mucosal), and 0% (adenoma, adenocarcinoma).
Diverticulum simple was the term preferred by the INHAND OWG, while simple was considered as a modifier.
The key diagnostic criteria suggested for this lesion are listed in Table 8 .
The modifier ''cystic'' should be used if diverticula become dilated by secretory products or intestinal contents. In such cases, the epithelium is usually attenuated and the surrounding tissue compressed. Diverticula of the stomach and intestine are more frequently observed in mice than in rats. Their development may be associated with local mucosal defects (e.g., postulcerative repair), suggesting opportunistic expansion. Diverticula may also occur associated with submucosal veins in the absence of mucosal defects, suggesting there may be a vascular route of penetration from the mucosa.
The second case was from the glandular stomach of an aryl hydrocarbon receptor knockout mouse. This proliferative epithelial lesion involved both the mucosal and submucosal layers ( Figure 12C ). The sessile mucosal proliferation projected into the gastric lumen and altered the mucosal structure. Atypical glandular/crypt epithelium extended through the muscularis mucosae into the submucosa and tunica muscularis. The basement membrane integrity of these epithelial projections was always maintained ( Figure 12D ). The majority of attendees chose hyperplasia with diverticula, simple (58%). The other voting choices attained between 2 and 15% of the votes: adenoma with diverticula, simple (15%), hyperplasia with diverticula, atypical (12%), adenoma with diverticula, atypical (4%), diverticulum (4%), adenoma (3%), hyperplasia, mucosal (3%), and adenocarcinoma (2%). This result differed from the recommendation of the INHAND OWG, which favored the diagnosis adenoma with diverticula, atypical. This recommendation was based on the atypical epithelium of the diverticula and the key criteria for an adenoma (Table 9 ), in this case in particular, the distorted mucosal architecture and the sessile growth pattern with projection into the lumen.
The third case showed a nodular lesion projecting into the lumen of the colon of a F344 rat treated by once daily administration of 1,2-dimethylhydrazine for 20 weeks ( Figure 12E ). The nodular process was covered by an atypical mucosa with branched crypts and markedly increased epithelial basophilia and cellularity. The nodule itself was formed by a scirrhotic tissue with numerous scattered glandular profiles. Centrally, these profiles showed continuity with mucosal crypts. The muscularis mucosae were lost in this region. High magnification revealed indistinct demarcation of the epithelial profiles from the surrounding scirrhotic stroma, indicating loss of basement membrane integrity ( Figure 12F) .
The result of the voting was unequivocal with 83% of voting attendees favoring the diagnosis adenocarcinoma and 11% adenocarcinoma with atypical diverticula. The other diagnoses offered (hyperplasia atypical, hyperplasia atypical with diverticula atypical, diverticula atypical, adenoma, and adenoma with diverticula atypical) attained 1 or 2%.
Adenocarcinoma was also the diagnosis recommended by the INHAND OWG. The key criteria identified for an adenocarcinoma are listed in Table 10 .
During the subsequent discussion, several comments addressed the terminology ''hyperplasia, atypical'': it was recommended that the diagnostic term should be ''hyperplasia,'' while ''atypical'' should be handled as a modifier. Other comments suggested not using the modifier ''simple'' for all those hyperplasias that are not atypical. Furthermore, it was recommended not to record a diverticulum separately, if it occurs in association with another proliferative process, for example, hyperplasia or adenoma.
FOREIGN MATERIAL IN RAT KIDNEY
Dr. J. M. Ward (Global VetPathology, Montgomery Village, MD) presented unusual lesions with foreign material in a rat kidney. The 16-week-old male Sprague-Dawley rat was exposed to a test material orally for 12 weeks. The case came from Dr. Jiunn-Wang Liao, professor and director, Graduate Institute of Veterinary Pathobiology, National Chung-Hsing University, Taichung, Taiwan, ROC.
The attendees were presented images for voting, including Figure 13A and B, along with the following diagnostic options: mineralization, tubule; crystals, calculi; nephropathy; FIGURE 12.-Three cases of gastrointestinal lesions with questions about nomenclature and differential diagnosis of both infiltration in epithelial malignancies and diverticula. Case 1 illustrates diverticula in the glandular stomach of a male CD-1 mouse characterized by cyst-like structures in the tunica muscularis (A). Higher magnification (B) shows the regular differentiation of the mucosa lining the diverticulum; note also the maintained basement membrane integrity. Case 2 is illustrated by a sessile adenoma with atypical diverticula in the pyloric region of a male aryl hydrocarbon receptor knockout mouse (C) with a higher magnification (D) demonstrating the atypical character of the epithelium lining the diverticulum; note that basement membrane integrity is maintained. Case 3 was presented as an adenocarcinoma of the colon in a male F344 rat treated with once weekly subcutaneous injections of 26.6 mg/kg 1,2-dimethylhydrazine for 20 weeks; note composition of the tumor is scirrhous stroma with scattered glandular profiles covered by atypical mucosa (E). Higher magnification (F) shows areas of indistinct demarcation of the epithelial profiles from the surrounding scirrhous stroma, indicating loss of basement membrane integrity. nephropathy, obstructive; or nephropathy, crystalline. The majority voted for nephropathy, crystalline (67%), crystals (19%), nephropathy, obstructive (8%), calculi (4%), mineralization, tubule (2%), or nephropathy (1%). The INHAND diagnostic criteria (Frazier et al. 2012) for such lesions would recommend a diagnosis of ''Nephropathy, obstructive''; a synonym includes ''crystal nephropathy'' and in humans ''crystalline nephropathy'' has been suggested (Herlitz, D'Agati, and Markowitz 2012) . Obstructive nephropathy is defined by the INHAND nomenclature as ''renal damage caused by precipitation of chemicals as crystals in the tubule lumen'' with inflammation, renal damage, and other tubular lesions resulting from tubule blockage by the crystals (Frazier et al. 2012) . The lesions in this case were obviously severe and tubular damage was most likely caused primarily by the crystalline aggregates. A milder lesion may be diagnosed as ''crystals,'' with no or little tubular obstruction, lesions, or disease (Frazier et al. 2012) .
The renal lesions ( Figure 13A -F) diffusely involved the cortex and medulla of the kidney. At low magnification, tubules were dilated, more severely in the cortex. Tubules also showed mild to severe epithelial atrophy and aggregates of intratubular aggregates of crystals (foreign material) filled many tubules. The crystals had a unique appearance resembling a shattered dinnerware plate with concentric rings ( Figure 13B ). Intratubular mineralization was often seen as solitary concretions or concretions associated with the crystalline aggregates ( Figure  13C and D) . The crystals and mineralized concretions often filled dilated tubular lumens. The crystalline aggregates were birefringent with polarized light ( Figure 13E ). Focal regenerative renal tubular hyperplasia was also noted. The entire renal process appeared to occur due, in part, to tubular damage by obstruction of the crystals and mineral. Protein casts were not seen but intratubular aggregates of neutrophils were common. The glomerular space was dilated but glomeruli appeared mostly normal. Foci of inflammatory cells, including lymphocytes and neutrophils, were found throughout the interstitium of the kidney. Although we did not perform any special stains, it was reported that a 72-hr Oil red O will stain the aggregates of crystals in kidneys of rats exposed to the same material (Thompson et al. 2008) . The rat was fed a diet of 50% of a melamine (MEL) and cyanuric acid (CA)-contaminated dog and cat diet for 8 weeks, which was increased to 100% for weeks 9 to 12 ).
Causes of renal crystals or aggregates of crystals are mostly from exposure to toxins that cause such crystals due to excretion of the chemical and/or its metabolites or other breakdown products. Most commonly, antifreeze poisoning due to ethylene glycol ingestion is seen in domestic and experimental animals. Calcium oxalate crystals are formed in the nephron during excretion resulting in obstructive nephropathy (Frazier et al. 2012; Herlitz, D'Agati, and Markowitz 2012) . The use of MEL and CA to increase measured protein concentrations in dietary products in the early 2000s and its toxicity for humans and animals was reviewed (Chen 2009; Lam et al. 2009; Osborne et al. 2009 ). Other subsequent experimental studies have been reported Gamboa da Costa et al. 2012; Jacob et al. 2012; Kobayashi et al. 2010; Park et al. 2011; Sprando et al. 2012) . MEL alone does not induce crystal formation or crystalline aggregates in rats (Hard, Flake, and Sills 2009 ).
Differentiation of renal crystal aggregates due to MEL-CA from other renal crystals has not been reported. In H&E-stained sections, one can see obvious typical crystalline aggregate structures in rats exposed to MEL and CA (Figure 13A -D) and calcium oxalate in dogs ( Figure 13F ) and other animals (Khan 2010) . It is likely that the distinct histologic appearance of the MEL-CA crystals in formalin-fixed paraffin-embedded tissue sections stained with H&E are pathognomonic in rats and other species (Osborne et al. 2009; Thompson et al. 2008) . No renal lesions have been reported in human kidneys, perhaps because no autopsies were reported, but renal stones have been reported clinically (Lam et al. 2009 ).
The author wishes to thank Dr. Jiunn-Wang Liao, professor and director, Graduate Institute of Veterinary Pathobiology, National Chung-Hsing University, Taichung, Taiwan, ROC, for providing the slide and information on the study. Extension of glands/crypts through muscularis mucosae, into submucosa and further in some cases Morphology of epithelial lining is variable, ranging from single layer cuboidal or columnar cells to complete mucosa Epithelium may show features of regeneration-like increased basophilia, increased nucleus-to-cytoplasm ratio, and gradual loss of polarity, but atypia is minimal Basement membrane integrity is always maintained FIGURE 13.-Foreign material in the kidney of a rat exposed to melamine and cyanuric acid orally for 12 weeks. Both the cortex and medulla show dilated renal tubules and crystalline aggregates (A). Crystalline aggregates have a characteristic ''shattered plate'' morphology (B). In a dilated renal tubule, foci of mineralized concretions, granular material, and smaller crystals can be seen (C). Intratubular mineralization was often seen as concretions or concretions associated with the crystalline aggregates and (D) shows a more unusual crystalline aggregate with a structured center, possibly mineralization. Polarized light was used to show the characteristic appearance of melamine-cyanuric acid crystalline aggregates in a rat kidney (E). For comparison, polarized light was also used to show the characteristic appearance of crystalline aggregates in a dog kidney with ethylene glycol toxicity (F). Note the differences in aggregate morphology when compared to (E).
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